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Introduction

1 Introduction

1.1 Background

In response to emerging market conditions, and in recognition of the unique operating
characteristics of wind generation, the New York Independent System Operator (NYISO) and
New York State Energy Research and Development Authority (NYSERDA) commissioned a
joint study to produce empirical information that will assist the NYISO in evaluating the

reliability implications of increased wind generation. The work was divided into two phases.

Phase 1, Preliminary Overall Reliability Assessment, was completed in early 2004. This initial
phase provided a preliminary, overall, screening assessment of the impact of large-scale wind
generation on the reliability of the New York State Bulk Power System (NYSBPS). This

assessment included:

o Review of world experience with wind generation, focusing on regions that have
integrated significant penetration of wind resources into their power grids

o Fatal flaw power flow analysis to determine the maximum power output at prospective
wind generation sites that can be accommodated by the existing transmission system
infrastructure, considering thermal ratings of transmission lines

o Reliability analysis to determine the contribution of prospective wind generation towards
meeting New York State requirements for Loss Of Load Expectation (LOLE)

e Review of current planning and operating practices to identify New York State
Reliability Council (NYSRC), Northeast Power Coordinating Council (NPCC), North-
American Electric Reliability Council (NERC), and NYISO rules, policies, and criteria
that may require modification to be compatible with high penetration of wind generation

Phase 2 builds on what was learned in Phase 1. A base case wind scenario with 3,300 MW of
wind generation (10% of NY State peak load) was selected for analysis. Operation of the
NYSBPS with 3,300 MW of wind was evaluated in numerous ways, considering impacts on the

following aspects of grid performance:

Reliability and generation capacity

Forecast accuracy

Operation of day-ahead and hour-ahead markets

Economic dispatch and load following

Regulation

Stability performance following major disturbances to the grid.

Detailed analysis of economic impacts and evaluation of possible generator retirements were not

included in the scope of this study.

Results of these Phase 2 analyses are presented in this report.
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1.2 Wind Generation Scenario

Starting from the original 10,026 MW of wind generation at 101 sites evaluated in Phase 1, two
alternate scenarios with 3,300 MW of wind generation were considered. The project team
selected a scenario with 3,300 MW of wind generation in 33 locations across New York State.
Table 1.1 shows the location (by zone) of the wind farms included in the study. The lower
portion of Table 1.1 lists the “Superzones” used by NY State Department of Public Service (DPS)
for the RPS study. Load zones within the New York Control Area are illustrated in Figure 1.1.

The wind generation in Zone K, Long Island, is located offshore. The rest of the sites are land-
based wind farms. The 600 MW site in Zone K was divided into 5 separate wind farms for
interconnection into the Long Island transmission grid. Thus, the 33 wind sites are modeled in

loadflow and stability simulations as 37 individual wind farms.

The majority of the interconnections were at the 115kV voltage level and above. Four of the
Long Island interconnections were at the 69kV voltage level. No interconnections were below

69k V.

As a point of reference, the NYISO queue of proposed new generation presently has a total of

1939 MW in wind projects.

Table 1.1 Study Scenario — Wind and Load MW by Zone

Total Potential 2008 Noncoincident Wind MW in Wind as % of
Wind Generation Peak Load Study Scenario Peak Load
Zone A 3,070 2,910 684.2 24%
Zone B 1,197 2,016 358.5 18%
Zone C 1,306 2,922 569.7 19%
Zone D 483 902 322.6 36%
Zone E 2,832 1,592 399.8 25%
Zone F 434 2,260 260.6 12%
Zone G 105 2,260 104.6 5%
Zone H 0 972 0.0 0%
Zone | 0 1,608 0.0 0%
Zone J 0 11,988 0.0 0%
Zone K 600 5,275 600.0 11%
sum 10,026 34,704 3300.0 10%
DPS Zn 1 8,887 10,342 2334.8 23%
DPS Zn 2 538 7,099 365.2 5%
DPS Zn 3 600 17,263 600.0 3%
sum 10,026 34,704 3300.0 10%
Notes: DPSZn1=ZonesA+B+C+D+E

DPS Zn2=ZonesF+G+H
DPS Zn 3 =Zones | + K
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¢ Quasi-steady-state simulation of selected 3-hour periods for wind and load variability,
focusing on issues that affect load following.

e Stability simulation of selected 10-minute periods, focusing on regulation and other
short-term control and protection issues (voltage regulation, low-voltage ride-through,
AGC, etc.)

1.4.4 Effective Capacity

Using the Multi-Area Reliability Simulation (MARS) program, the effective capacity of wind
generation, was quantified by comparing it with a typical fossil-fired power plant. This analysis
includes consideration of the seasonal and diurnal variability in wind generation output relative to
periods of peak system load, when generating resources have the greatest impact of overall

system reliability as measured by loss-of-load probability (LOLP).

In addition to quantifying the likely range of unforced capacity (UCAP) for wind generation in
NY State, approximate techniques for calculating the UCAP of individual wind farms were

developed.

1.5 Data

Technical information and data for this study were obtained from the following sources:

e NYISO provided power flow and stability datasets, historical operating data for years
1999-2003, and contingency lists for the NYSBPS and NYSRC reliability datasets.

o AWS TrueWind provided data on potential wind generation sites in NY State, wind MW
generation at those sites based on historical weather data, and technical information
related to wind generation and wind forecasting.

e NYSDPS provided generation fuel cost and heat rate data from the preliminary RPS
analyses.

Appendix A contains detailed descriptions of data provided by NYISO and AWS TrueWind.

GE Energy 1.8 3/04/05



Executive Summary

2 Executive Summary

This study evaluated the impact of wind generation on the New York State Bulk Power System
(NYSBPS) over a broad range of subject areas, including planning, operation, economics, and
reliability. Key results and conclusions are summarized here. Details of the analysis, and the

reasoning behind the conclusions, are further explained in Chapters 3-8.

2.1 Study Scenario for Wind Generation

The technical analysis for this study focused on a wind generation scenario that included a total of
3,300 MW of wind generation in 33 locations throughout New York State (see Table 2.1). Most
of the wind sites are located upstate, but there is one large offshore facility near Long Island
(Zone K). The total amount of wind generation (nameplate rating) in this scenario corresponds to
approximately 10% of New York State’s 2008 projected peak load. The majority of the wind
farm interconnections were at the 115kV voltage level and above. Some interconnections for the

Long Island site were at the 69kV voltage level. No interconnections were below 69k V.

Table 2.1 Wind Generation Included In Study Scenario

Location Wind Generation Wind Generation as

Mw % of 2008 Peak Load
Zone A 684.2 24%
Zone B 358.5 18%
Zone C 569.7 19%
Zone D 322.6 36%
Zone E 399.8 25%
Zone F 260.6 12%
Zone G 104.6 5%
Zone H 0.0 0%
Zone | 0.0 0%
Zone J 0.0 0%
Zone K 600.0 11%
Total for NY 3300.0 10%

Powerflow and operational models for the study scenario were derived from NYISO’s 2008
system model. Hourly and shorter-term load profiles were based on actual historical data from
years 2001-2003, but were scaled to match the projected load for 2008. Profiles of wind
generation at the 33 locations were derived from historical weather records for years 2001-2003,
so wind generation in the study scenario was treated as though the wind generators were actually

in operation during those years.

Observations and conclusions presented in this report are based on analysis of this study scenario.
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2.2 Impact on System Planning

A wide variety of standards, policies and criteria were reviewed to assess their impact on wind
generation, and to determine if changes were needed to accommodate wind generation. In
general, it was found that the existing rules and criteria could be applied to wind generation. A

few specific items are discussed below.

2.2.1 NYISO System Reliability Impact Study (SRIS)

NYISO’s SRIS is intended to confirm that a new facility complies with applicable reliability
standards, to assess the impact of the new facility on the reliability of the pre-existing power
system, to evaluate alternatives for eliminating adverse impacts (if any), and assess the impact of
the new facility on transmission transfer limits. The SRIS policy is directly applicable to wind

generation in its present form.

2.2.2 NYSRC Reliability Rules for Planning and Operation

NYSRC reliability rules are outlined in the document NYSRC Reliability Rules for Planning and
Operating the New York State Power System, which addresses both resource adequacy and

system security. A few minor changes related to planning studies are recommended:

The rules for steady-state analysis require evaluation of single-element (N-1) and extreme
contingencies. Normally, loss of one generator in a multi-generator power plant would be a
single-element contingency. Wind farms are comprised of many wind turbine-generators
connected to a common interconnection bus. It is recommended that the loss of the entire wind
farm be considered a single-element contingency for the purpose of NYSRC reliability criteria.
However, simultaneous loss of multiple wind farms due to loss of wind in not a credible event.
No changes to NYSRC rules for extreme contingencies, or multiple-element outages, are

recommended.

NYSRC rules for stability analysis require evaluation of both design criteria and extreme faults.

No changes to these rules or their interpretation are required for wind generation.

2.2.3 Generation Interconnection Requirements

In the Phase 1 report, it was recommended that New York State adopt some of the
interconnection requirements that have emerged from the experiences of other systems.

Specifically, New York State should require all new wind farms to have the following features:
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e Voltage regulation at the Point-Of-Interconnection, with a guaranteed power factor range
e Low-voltage ride-through (LVRT)
e A specified level of monitoring, metering, and event recording

e Power curtailment capability (enables system operator to impose a limit on wind farm
power output)

The above features are implemented in wind farms around the world, and are proven technology.

During Phase 2, technical analysis was performed to evaluate some of these features with respect
to performance of the NYSBPS. Specifically, the impact of voltage regulation and low voltage
ride through (LVRT) on system performance was demonstrated. The results showed that voltage
regulation with a £0.95 power factor range improves system response to disturbances, ensuring a
faster voltage recovery and reduced post-fault voltage dips. In addition, LVRT ensures that wind
farms remain connected to the NYSBPS under low voltage conditions due to faults or other
system disturbances, and mitigates concerns about loss of multiple wind farms due to system
events. Good performance was demonstrated with LVRT parameters that are less aggressive than
the emerging industry consensus. It is recommended that New York adopt the emerging LVRT

specification.

No operating conditions were found to justify the need for wind power curtailment at a statewide
level (i.e., backing down all wind generators at the same time). However, for system reliability
reasons, NYISO should require a power curtailment feature on new wind farms as a mechanism
to posture the power system to handle temporary local transmission limitations (e.g., line out of
service) or in anticipation of severe weather (e.g., intentionally curtail wind generation in advance
of a severe storm affecting a large portion of the state). Such curtailment could be done by
NYISO sending maximum power orders to wind farm operators (similar to the existing process
for re-dispatching a thermal generator via the plant operator) or via SCADA for the case of
unmanned generation facilities. This type of curtailment is envisioned as a farm-level function,
not necessarily a turbine-level function. For example, if NYISO needed to limit power output of
a specific wind farm due to a temporary transmission line outage, the wind farm operator could
temporarily curtail generation by limiting output or shutting down a portion of the wind turbines
in the wind farm. This is the same as would be done at any other dispatchable generating facility

in New York State under the same circumstances.

Interconnection requirements are different for each transmission owner in New York State. In

general, standards for interconnection of wind turbines are the same as for other generation.
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Thus, frequency and voltage ranges, power factor ranges and other protection requirements
remain largely unchanged. However, some features, such as governor control and power system

stabilizer (PSS), are either technically impractical now or inappropriate for wind generators.

Presently, New York State has varied requirements for generator power factor. NERC Planning
Standards require the following, “A¢ continuous rated power output, new synchronous generators
should have an overexcited power factor capability, measured at the generator terminals, of 0.9
or less and an underexcited power factor capability of 0.95 or less”™ Niagara Mohawk’s
requirements are consistent with those of NERC, but LIPA requires generators to have a power

factor capability of 0.90 leading to 0.90 lagging at the point of delivery.

FERC NOPR RM05-4-000 (dated January 24, 2005) proposes that “a wind plant shall maintain a
power factor within the range of 0.95 leading to 0.95 lagging, measured at the high voltage side

of the wind plant substation transformer(s).”™ The requirement for measurement at the high side
voltage recognizes the distributed nature of wind plants. The FERC NOPR power factor range

measured at the high side bus is consistent with NERC requirements at generator terminals.

It is recommended that wind generation facilities meet power factor requirements consistent with
other generation facilities in New York State and with existing local interconnection criteria, but
translated to the high side voltage of the wind plant substation transformer. NYISO and New
York State transmission owners may wish to re-evaluate the power factor requirements after

FERC enacts a rule.

2.2.4 Future Interconnection Options

In the Phase 1 report, the following features were identified as emerging in response to system

needs, and should be considered by New York State in the future as they become available:

e Ability to set power ramp rates

e Governor functions

e Reserve functions

e Zero-power voltage regulation
During Phase 2, technical analysis was performed to evaluate one of these features with respect to
performance of the NYSBPS. Specifically, the ability to set power ramp rates for wind farms was

demonstrated. The example ramp rate limit function resulted in a decrease in statewide
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regulation requirements at the expense of wind energy production. Therefore, such a function

should only be used in specific applications to ensure system reliability.

2.3 Impact on System Operations

Table 2.2 provides a condensed summary of many key study results, arranged according to time

scale. The following sections discuss each item in detail.
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Table 2.2 Summary of Key Analytical Results for Study Scenario

Time . Without Wind With Wind
Technical Issue . . Comments
Scale Generation Generation
v UCAP of Wind UCAP |and-based = 10% UCAP is site-specific
ears :
Generation UCAP gshore = 36% (one site in L.1.) Simple calculation method proposed
Incremental increase can be accommodated by
existing processes and resources in NY State
Day-Ahe?d Forecasting error: Forecasting error: Even W|th0ut forecaStS, W|nd energy diSp|aCGS
Days Forecasting and conventional generation, reduces system operating
Unit Commitment | © = 700-800 MW c = 850-950 MW costs, and reduces emissions.
Accurate wind forecasts can improve results by
another 30%
N _ _ Incremental increase can be accommodated by
H Hourly Variability o =858 MW o =910 MW existing processes and resources in NY State
ours
Largest Hourly 2575 MW 2756 MW Incremental increase can be accommodated by
Load Rise existing processes and resources in NY State
Minutes Load Following —54.4 MW — 56.2 MW Incremental increase can be accommodated by
(5-min Variability) ° ' ° ' existing processes and resources in NY State
36 MW.inc(:jr(tease NYISO presently exceeds NERC criteria
, required to
Regulation 22510 275 MW maintain same May still meet minimum NERC criteria with existing
performance regulating capability
Seconds 22'\::;33 1200 MW 1200 MW No change to spinning reserve requirement
8% post-fault 5% post-fault State-of-the-art wind generators do not participate
Stability °P °P in power swings, and improve post-fault response

voltage dip (typical)

voltage dip (typical)

of the interconnected power grid.

Note: o = standard deviation
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Wind forecasting may be performed in either a centralized or decentralized manner. With either
approach, forecasts would be generated for each individual wind farm. However, centralized

wind forecasting has several advantages that the NYISO may wish to consider:

e Application of a consistent methodology, which should achieve more consistent results
across projects

e More effective identification of approaching weather systems affecting all wind plants, to
warn the ISO of impending large shifts in wind generation

e Use of data from each plant to improve the forecasts at other plants. For example, a
change in output of one plant might signal a similar change in other plants downstream of
the first. Individual forecasters would not have access to the data from other projects to
make this possible.

Care should be taken in the structuring of any financial incentives that may be offered to
encourage the development of wind generation. The market for wind generation (including

incentives) should be structured to:

e Reward the accuracy of wind generation forecasts, and

e encourage wind generators to reduce production during periods of light load and
excessive generation.

The second item above is particularly critical to overall system reliability. If excessive wind
generation causes the NYISO to shut down critical base-load generators with long
shutdown/restart cycle times, the system could be placed in a position of reduced reliability. The
market for wind power should be structured so that wind generators have clear financial

incentives to reduce output when energy spot prices are very low (or negative).

2.3.2 Hourly Variability

Load and wind production vary from day-to-day and hour-to-hour, exhibiting characteristic
diurnal patterns. The wind variability increases the inherent variability that already exists due to
loads. Table 2.3 shows the changes in hourly variability due to the addition of wind generation,

expressed as standard deviations (o).

Table 2.3 Hourly Variability With and Without Wind Generation

Without Wind With Wind Increase
Statewide 858 MW 910 MW 6%
Superzone A-E 268 MW 313 MW 17%
Zone K 149 MW 171 MW 15%
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regulation performance with the addition of 3,300 MW of wind generation. Stability simulations

covering selected 10-minute periods produced similar results.

This conclusion is further reinforced by the results of the S5-minute variability analysis.
Variations in periods less than five minutes are addressed by regulation, while longer-term
variations are addressed by economic dispatch (load-following). The analysis shows the standard
deviation of combined load and wind variability for 5-minute periods is 56.2 MW (up from 54.4

MW due to load alone).

NYISO regulation performance (CPS1 and CPS2) presently exceeds NERC criteria. It is possible
that the NYISO grid could accommodate 3,300 MW of wind generation with no increase in
NYISO's regulation capability, and still meet minimum NERC criteria.

2.3.5 Spinning Reserves

Spinning reserves are required to cover the largest single contingency that results in a loss of
generation. The present requirement is 1,200 MW. Analysis of historical statewide wind data
indicates that loss of all wind generation due to abrupt loss of wind in not a credible contingency,
and hence, the spinning reserve requirement would not be affected. Short-term changes in wind
are stochastic (as are short-term changes in load). A review of the wind plant data revealed no
sudden change in wind output in three years that would be sufficiently rapid to qualify as a loss-

of-generation contingency.

2.3.6 System Operating Costs

GE’s Multi-Area Production Simulation (MAPS) program was used to simulate the hourly
operation of the NYSBPS for several years, with and without wind generation per the study
scenario. Several different techniques for integrating wind generation into NYISO’s unit
commitment and day-ahead market were considered. The most likely approach involves using
day-ahead wind generation forecasts for the unit commitment process, and scheduling wind
generation before hydro. The process essentially shifts hydro generation within a several day
period to make the best use of wind resources when they are available. Operating cost impacts
for this approach are summarized in Table 2.4, based on the 2001 historical hourly load and wind
profiles. (Note: System-wide impacts include NYISO, ISO-NE, and PJM.) The MAPS

simulation results also indicate a $1.80/MWh average reduction in spot price in New York State.
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Table 2.4 Annual Operating Cost Impacts for 2001 Wind and Load Profiles
(Unit commitment based on wind generation forecast)

System-Wide NYISO

Total variable cost reduction (includes fuel cost, variable

O&M, start-up costs, and emission payments) $ 430M $ 350M

Total variable cost reduction per MW-hour of wind $48 / MWh $39 / MWh

generation
Wind revenue $ 315M $ 315M
Non-wind generator revenue reductions $ 795M $ 515M

Load payment reductions (calculated as product of hourly

load and the corresponding locational spot price) $ 515M $ 305M

The operating costs depend on how the wind resources are treated in the day-ahead unit
commitment process. If wind generation forecasts are not used for unit commitment, then too
many units are committed and efficiency of operation suffers. The operating costs for this
situation are summarized in Table 2.5. In this case, unit commitment is performed as if no wind
generation is expected, and wind energy just “shows up” in the real time market. The results
indicate that energy consumers benefit from greater load payment reductions, but non-wind
generators suffer due to inefficient operation of committed units. Comparing the system-wide
variable cost reductions for these two cases, there is a $430M-$335M = $95M annual benefit to

be gained from using wind energy forecasts for day-ahead unit commitment.

Table 2.5 Annual Operating Cost Impacts for 2001 Wind and Load Profiles
(Wind generation not included for unit commitment)

System-Wide NYISO

Total variable cost reduction (includes fuel cost, variable
O&M, start-up costs, and emission payments)

Total variable cost reduction per MW-hour of wind

$ 335M $ 225M

$38 / MWh $25 / MWh

generation
Wind revenue $ 305M $ 305M
Non-wind generator revenue reductions $ 960M $ 600M

Load payment reductions (calculated as product of hourly

load and the corresponding locational spot price) $ 720M $ 455M

Any economic incentives that may be offered to wind generators should be designed to encourage

use of state-of-the-art forecasting and active participation in the day-ahead power market.

2.3.7 Energy Displacement and Emission Reductions

Energy produced by wind generators will displace energy that would have been provided by other

generators. Considering wind and load profiles for years 2001 and 2002, 65% of the energy
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2.4 Impact on System Reliability
2.4.1 Effective Capacity of Wind Generators

The effective capacity of wind generation in the study scenario was quantified using rigorous
loss-of-load probability (LOLP) calculations with the Multi-Area Reliability Simulation (MARS)
program. The results show that the effective capacities, UCAP, of the inland wind sites in New
York are about 10% of their rated capacities, even though their energy capacity factors are on the
order of 30%. This is due to both the seasonal and daily patterns of the wind generation being
largely “out-of-phase” with NYISO load patterns. The offshore wind generation site near Long
Island exhibits both annual and peak period effective capacities on the order of 40% - nearly
equal to their energy capacity factors. The higher effective capacity is due to the daily wind
patterns peaking several hours earlier in the day than the rest of the inland wind sites and

therefore being much more in line with the load demand.

An approximate methodology for calculating effective capacity, UCAP, of wind generation was
demonstrated. A wind generator’s effective capacity can be estimated from its energy capacity
factor during a four-hour peak load period (1:00 pm to 5:00 pm) in the summer months. This

method produces results in close agreement with the full LOLP analytical methodology.

2.4.2 System Stability

The transient stability behavior of wind generation, particularly vector controlled WTGs, is
significantly different from that of conventional synchronous generation. The net result of this
behavior difference is that wind farms generally exhibit better stability behavior than equivalent
(same size and location) conventional synchronous generation. In fact, simulation results
demonstrate that overall stability performance of the NYSBPS is better with 3,300 MW of wind
generation than it is without wind generation. Both post-fault voltage dips and oscillations in

interface flows are improved with the addition of vector controlled wind turbine-generators.

It is recommended that New York State require all new wind farms to include voltage regulation
and low voltage ride through (LVRT) features. Voltage regulation improves system response to
disturbances, ensuring a faster voltage recovery and reduced post-fault voltage dips. LVRT
ensures that wind farms remain connected to the NYSBPS under low voltage conditions due to
faults or other system disturbances. Good performance was demonstrated with LVRT parameters
that are less aggressive than the emerging industry consensus. However, it is recommended that

NYS adopt the emerging LVRT specification (15% voltage at the point of interconnection for 625
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milliseconds), consistent with the recent FERC NOPR on wind generation interconnection

requirements.

2.5 Conclusions

Based on the results of this study, it is expected that the NYSBPS can reliably accommodate at
least 10% penetration, 3,300 MW, of wind generation with only minor adjustments to its existing
planning, operation, and reliability practices. This conclusion is subject to several assumptions

incorporated in the development of the study scenario:

e Individual wind farms installed in NY State would require approval per the existing
NYISO procedures, including SRIS.

e Ratings of wind farms would need to be within the capacity of local transmission
facilities, or subject to local constraints.

e  Wind farms would include state-of-the-art technology, with reactive power, voltage
regulation, and LVRT capabilities consistent with the recommendations in this report.
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3 Forecast Accuracy
3.1 Variability and Predictability

Reliable and economic operation of power systems requires good information about the present
and expected future condition of the system. It is in this context that a brief examination of

variability and predictability is warranted.

The variability of load on a seasonal and diurnal (daily) basis is mostly known and understood.
All aspects of power system planning and operations are geared towards handling these
variations. Load forecasts are used in three of the four time frames shown in Figure 1.2: resource
planning (years ahead), unit commitment and scheduling (day-ahead), and load following (hour[]
ahead to 5 minute economic dispatch). Of course, perfect prescience is impossible, and the power
system relies on various operating strategies to maintain the resilience necessary to provide

reliable service subject to the inevitable inaccuracies in forecasts.

Variation in load is expected and can be predicted to a reasonable level of accuracy. The same is
true for wind generation and other forms of non-dispatchable generation. Unlike dispatchable
central station generation, most renewable resources, including wind, will produce power when
conditions external to the power system (i.e., wind speed, insolation, rain run-off, etc.) dictate. It
is the characteristics of these externalities that dictate both the variability and predictability of the
resources. Figure 3.1 helps illustrate the important distinction between variability and
predictability. In this figure, a range of non-dispatchable resources is placed to illustrate their
relative variability and predictability. Non-dispatchable resources that rely on a steady supply of
fuel or input energy, or which require a steady process, are both predictable and invariant.
Digester type biomass and geothermal plants are good examples of this type of non-dispatchable
resource. Tidal power is an example of a perfectly predictable but variable resource. The exact
power production of a tidal plant can be predicted arbitrarily far in advance, but the four relative
maxima and minima of power production per day mean that the resource is quite variable. The
diurnal cycling of solar power means that it is highly predictable in the sense of being unavailable
at night, but still subject to the weather related uncertainties of sunlight during the day. Wind will
exhibit broadly predictable variation with season and daily cycling, but relative to the other
resources in the figure will tend to show more variability that is somewhat less predictable that

the other resources in the figure.
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Area load forecast. (i.e., the forecast load was consistently greater than actual load). After this

date, the NYISO modified its day-ahead load forecasting process to an “unbiased” methodology

3.2.2 Day-Ahead Wind Forecasting

Wind forecasting is also based on history and weather forecasts. The historical aspects relate the
specific behavior (i.e., power production) of a specific site to the broader predictions from
meteorology. The forecasting data presented in this section is based on state-of-the-art techniques
applied to each individual wind farm in the study scenario. The forecast data is based on the
actual regional weather conditions, which were also a major factor in the corresponding system
loads at the time. The report “Overview of Wind Energy Generation Forecasting™ by AWS
TrueWind provides a more complete discussion of the method and source of wind forecast data

used in the analysis presented in this section.

The accuracy of wind forecasting is a function of the method used and the completeness of the
site-specific power production history. Methods for quantifying the accuracy of wind forecasts
vary. One commonly used metric of forecast accuracy is the “mean absolute error,” or MAE.
The MAE is the average of the absolute value of the difference between predicted power output
and actual power output and is expressed as a percent of installed nameplate rating. Figure 3.2
shows MAE trends for a single wind farm for present state-of-the-art forecasting methods. Since
the MAE is expressed on the percent of installed nameplate rating, the error expressed as a
percent of actual power (or energy) produced is generally substantially higher. Unsurprisingly,
the trend is that the farther in the future, the higher the error. These methods can achieve
accuracies on the order of 13% to 21% MAE for day-ahead forecasting, by individual wind
farm,." The MAE figures include the reality that individual hours can have very substantial
errors, especially those associated with errors in anticipating the timing of significant changes in
weather patterns. For example, the being off by a few hours in the prediction of the time when a
weather front will pass a specific wind farm can result in large errors for the hours involved.
Centralized, or at least coordinated, forecasting reduces these effects by providing a clearer

regional picture of wind patterns and trends than can be achieved with only localized forecasting.
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This table shows that errors in day-ahead load forecasting for this month result in over prediction
of load energy of about two and half percent of the total load energy served. The biased load
forecasting results in almost nil (about 6 GWhr) under prediction of load energy. The addition of
wind increases the net over prediction by about 0.8%, or 100 GWhr. The under prediction
increases about 0.1% (12 GWhr) due to wind forecast errors. These changes in errors are not
expected to have any reliability impacts. The errors have the potential to increase economic
inefficiencies due to suboptimal commitment. This is examined in Section 4, Hourly Production

Simulation Analysis.

The table shows system-wide MAE for the month of 10.84%. This reflects the aggregate benefits
of forecasting for multiple plants. The MAEs for the individual wind farms for the month are
shown in Figure 3.7. They range from about 14 to 19%, and are consistent with state-of-the-art

forecasting for individual plants.
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Figure 3.7 Mean Absolute Error (MAE) for Individual Wind Farms Forecasts - January 2001

3.3.2 Day-Ahead Forecasting Error Analysis for Multiple Months

Similar analysis was conducted on the following 10 months, for which data was available:

e  April, August, October 2001

e January, April, August, October 2002

e January, April, August 2003
Detailed results for each month are included in Appendix B. The next sequence of figures shows
results from the total eleven months of analyzed data. Figure 3.8 shows the standard deviation for

the eleven months, plotted against the peak load for that month.
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The standard deviation, usually denoted sigma (o), provides a good index of expected behavior of
variable phenomena. In a normal distribution 68% of events are within +1c, 95% of events are

within 26, and 99.7% of events are within £3c.
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Figure 3.8 Standard Deviation of Day Ahead Forecast Errors

This figure shows that the total forecasting error (load — wind) is somewhat higher than the
forecasting error due to load alone. For example in peak load months (points on the right hand of
the plot), the forecast error increases from around 750-800 MW to about 850-950 MW. During
lightest load months (left hand side) the forecast error increases from about 450 MW to 650 MW.

The sigmas for January 2001 are circled in the figure. The sigma for load forecast error was the
lowest of the eleven moths, and the increase in sigma with the addition of wind (from 277 to 491
MW) was one of the largest. This is a confirmation that more detailed examination of January

2001 is conservative.

Since the operational implications of a positive error (excess generation will be scheduled) are
different from those of negative error (less generation will be scheduled), it is useful to examine
the two faces of error separately. Figure 3.9 shows the count of hours for which each of the
forecasts errors is positive (these months have either 720 or 744 hours). Figure 3.10 shows the
corresponding count of negative error hours. The load errors show a noticeable shift towards a

more balanced split between negative and positive hours starting around April 2002. This
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Table 3.2 2001 Day-Ahead Forecast Error Statistics (4 months)

2001 Day Ahead 4 Months Load Wind| Load - Wind
Hours Negative 490 1,380 516
Hours Positive 2,462 1,572 2,436
Negative Energy Error (MWh) -115,714| -360,297 -162,788
Positive Energy Error(MWh) 1,505,209| 681,498 1,873,484
Net Energy Error (MWh) 1,389,495 321,201 1,710,696
Worst Negative Error (MW) -1,052 -770 -1,446
Worst Positive Error (MW) 3,569 1,310 3,485
Peak (MW) 30,982 3,149 30,596
Min (MW) 11,600 0 8,912
Energy (MWh) 53,619,075( 2,917,948| 50,701,127
Negative Energy Error(% of LE) -0.22 -0.67 -0.30
Positive Energy Error(% of LE) 2.81 1.27 3.49
MAE (MW) 549 353 690
STD on Error (MW) 539 414 668
MAE (% of Rating Wind) 16.64 10.69 20.90

Table 3.3 2002 Day-Ahead Forecast Error Statistics (4 months)

2002 Day Ahead 4 Months Load Wind| Load - Wind
Hours Negative 1,525 1,157 1,324
Hours Positive 1,427 1,795 1,629
Negative Energy Error (MWh) -765,532| -276,466 -751,578
Positive Energy Error(MWh) 577,488 775,975 1,063,043
Net Energy Error (MWh) -188,044| 499,509 311,465
Worst Negative Error (MW) -3,398 -728 -3,654
Worst Positive Error (MW) 3,755 1,215 4,436
Peak (MW) 30,596 3,227 30,476
Min (MW) 11,705 0 9,690
Energy (MWh) 53,784,416| 3,116,211| 50,668,205
Negative Energy Error(% of LE) -1.42 -0.51 -1.40
Positive Energy Error(% of LE) 1.07 1.44 1.98
MAE (MW) 455 357 615
STD on Error (MW) 644 405 785
MAE (% of Rating Wind) 13.79 10.80 18.63

GE Energy

3.14




Forecast Accuracy

Table 3.4 2003 Day-Ahead Forecast Error Statistics (3 Months)

2003 Day Ahead 3 Months Load Wind| Load - Wind
Hours Negative 878 979 878
Hours Positive 1,330 1,229 1,330
Negative Energy Error (MWh) -363,028| -246,180 -434,364
Positive Energy Error(MWh) 552,405 495,155 872,717
Net Energy Error (MWh) 189,377 248,975 438,352
Worst Negative Error (MW) -2,327 -842 -2,331
Worst Positive Error (MW) 2,030 1,332 2,415
Peak (MW) 30,596 3,215 30,476
Min (MW) 11,705 0 9,690
Energy (MWh) 41,019,162| 2,354,595| 38,664,567
Negative Energy Error(% of LE) -0.89 -0.60 -1.12
Positive Energy Error(% of LE) 1.35 1.21 2.26
MAE (MW) 415 336 592
STD on Error (MW) 552 392 725
MAE (% of Rating Wind) 12.56 10.17 17.94

There is a significant monthly variance in the cumulative energy associated with forecast error. A
comparison of the monthly errors, with and without wind, shows remarkably similar results.
Most months are slightly worse, while a few are slightly better. Figure 3.13 shows the
distribution of energy errors as a percent of the total energy served for the month. In most
months, the negative energy error is about 2% or less of the total energy delivered, with wind
forecast errors having little impact. The worse negative error occurs for October 2002, with no
wind. During months with lower peak loading, the positive error tends to increase by about 0.5%
to 2%; during peak load months, the impact is a fraction of one percent. The highest positive
error is for April 2001, before NYISO changed to unbiased load forecasts. After changing to
unbiased forecasting, the worst positive error is 2.8% without wind, and 3.7% with wind, an

increase of 0.9%.

From an operational reliability perspective, the incremental forecast error associated with wind

generation is within the range of uncertainty currently handled successfully in NYISO operations.
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Figure 3.14 shows the following three traces:

Forecast DA Wind — The wind power that would have been forecast a day-ahead at that time
for the study wind generation scenario.

Forecast HA Wind — The wind power that would have been forecast an hour-ahead at that
time for the study wind generation scenario.

Actual Wind — The wind power that would have been produced at that time for the study wind
generation scenario.
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Figure 3.14. Day-Ahead and Hour-Ahead Wind Forecast and Actual Wind for January 2001

Figure 3.15 shows the error for the two forecasts, and Figure 3.16 shows the error duration curves
for the same period. These figures show that the forecast accuracy improves considerably as the
forecast horizon draws closer. The improvement can be observed quantitatively in the statistics
for this month of data, which are shown in Table 3.5. Most of the hour-ahead error metrics
summarized in the table drop by about 50% to 60% of their day-ahead values. For example, the
mean absolute error (MAE) drops from 358 MW (10.84% of total wind rating) to 135 MW
(4.10% of rating) - a 62% improvement. The system-wide hour-ahead MAE for the wind
forecast ranges between 4.10% and 4.23%, which is consistent with the expectation of about 87

12% MAE on an individual plant basis (again, recalling that this is actually 2% hours ahead).
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Setting standards and providing incentives and disincentives to encourage the best
possible forecasts can address this potential risk.)

e A single entity can more effectively identify approaching weather systems affecting all
plants and warn the ISO of impending large shifts in wind generation; whereas individual
forecasters might provide a number of different warnings at different times; which could
produce confusion.

e A centralized entity can make use of data from each plant to improve the forecasts at
other plants. For example, a change in output of one plant might signal a similar change
in other plants downstream of the first. Individual forecasters would not have access to
the data from other projects to make this possible.

e A centralized forecasting system allows for greater accountability. If the forecasts are not
satisfactory, the ISO will know whom to hold responsible.

e A centralized system offers potentially large economies of scale, since many of the costs
of forecasting for a given region are fixed.

3.6 Conclusions and Recommendations

3.6.1 Conclusions

Uncertainties introduced by errors in day-ahead forecasts for wind add slightly to those due to
load forecasting, which are presently accommodated by system operations. The worst under-
prediction of load, 2.4% of load energy served, occurs without wind generation. The worst over-

prediction of load without wind generation is 2.8%, and 3.7% with wind generation.

Hour-ahead wind forecasts significantly reduce the uncertainties associated with the day-ahead
forecasts. On a system-wide basis the wind forecast error (MAE and energy) is reduced by 50%

to 60%.

Existing NYISO operating practices account for uncertainties in load forecast. The incremental
uncertainties due to imperfect wind forecasts are not expected to impact the reliability of the

NYSBPS.

These conclusions are based on the assumption of state-of-the-art wind forecasting, applied

consistently to all wind resources in the state.

The operational impacts of these forecast uncertainties, and various methods to use forecasts in

day-ahead operations, are further quantified in Section 4, Hourly Production Simulation Analysis.
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3.6.2 Recommendations

The conclusion that uncertainties due to imperfect wind forecasts are not expected to impact the
reliability of the NYSBPS is based the use of state-of-the-art forecasting. Development of

statewide wind forecasting should be pursued.

Data collection from existing and new wind farms should proceed immediately, in order to
provide input to, and increase the fidelity of, wind forecasts for when the system achieves higher

levels of penetration.

Meteorological data collection and analysis from proposed and promising wind generation
locations should proceed in order to aid and accelerate the development of high fidelity
forecasting. Participation by NYS Transmission Owners, the NYISO and project developers and

owners in recommended.
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4 Hourly Production Simulation Analysis

4.1 Introduction

This section examines the impact of the addition of significant amounts of wind generation on the
overall operation of the NYISO system. The commitment and dispatch of the system are
examined both with and without the addition of wind generation and with varying assumptions on
the forecast accuracy. Key issues include the economic impact of the wind turbines on the
system operation, the impact on transmission congestion, minimum load issues, emissions and
what generation is displaced by technology, fuel type and location. The wind energy is assumed
to be a “price taker” and is bid into the system at zero. This section only examines the
operational impact and does not attempt to examine the overall economics of wind turbine

generation.

4.1.1 Description of Cases

The basic data used for the analysis was from the NYPSC’s MAPS database used for their RPS
analysis in early 2004. The fuel prices were updated to be consistent with their fall 2004 studies.
The power flow representation was updated with data provided by the NYISO in order to be
consistent with the steady state and dynamic analysis performed in Section 6, Operational
Impacts. Historical load shapes were used for both 2001 and 2002 along with wind data for the
corresponding years. The year 2008 was selected for the analysis to reflect future system
conditions. Peak loads and energies were adjusted to the 2008 forecasts provided by the NYISO.
A summary of the wind farms by zone is shown in Section 1, Introduction. The existing
generation and loads in PJIMISO and ISONE were also fully modeled with Canada and other,
more remote regions modeled more simply. A number of operating scenarios were examined.

The cases, and their abbreviations used later in the summaries, are shown in Table 4.1 below.

Table 4.1 Description of Cases

Case Abr.
no wind no
actual wind for commitment, schedule wind after hydro act
no commitment credit for wind nc
forecast wind for commitment, schedule wind after hydro fc
actual wind for commitment, schedule wind before hydro act-prio
forecast wind for commitment, schedule wind before hydro fc-prio
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The base case, “no,” assumed no new wind generation. For both the 2001 and 2002 scenarios
wind generation data was provided based on actual meteorological conditions as well as based on
the conditions predicted on the day ahead. This was to simulate the impact of predicting the wind
generation in order to bid into the day ahead market. The comparisons of the day ahead, hour

ahead and actual wind schedules is discussed in Section 3, Forecast Accuracy.

In the first wind case, “act,” it was assumed that the forecast was 100% accurate. That is, the
schedule used for the commitment of the thermal generation assumed perfect foreknowledge of
the wind generation. The hydro schedules, however, were based on the load shapes only and

were not adjusted based on the wind schedules.

The second wind case, “nc,” assumed that there was no day ahead forecast available for the wind.
The commitment schedule for the thermal generation was exactly the same as in the base case

with no wind. Only the dispatch was modified to reflect the real time wind generation.

The third wind case, “fc,” used the day ahead schedule for the wind to modify the commitment of
the thermal generation, but used the actual wind schedule for the dispatch. As before, the hydro

schedules were not affected by the presence of the wind.

The last two cases, “act-prio” and “fc-prio,” were similar to the first and third wind cases in that
either the actual or forecasted wind schedule could affect the commitment of the thermal
generation. In addition, it was assumed that the forecasted wind schedule was known prior to the
development of the pondage hydro schedule. In this way the hydro could be rescheduled to
smooth out any “bumps” caused by variations in the wind generation output. The thermal

generation was then scheduled for commitment after the wind and hydro.

4.2 Analysis of Results

There are lots of things that happen when new generation of any type is added to the system.
This section will examine some of the key areas of energy displacement, emission reductions and
impact on transmission congestion in addition to the overall economic impact of the wind
additions. Just as important, it will examine how those impacts change based on the wind

forecast, its accuracy, how it is used, and the historical wind and load patterns assumed.
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4.3 Summary

Wind generation has the potential to significantly reduce the cost of system operation in New
York while also reducing emissions and dependence on fossil fuels. The zonal spot prices would
decrease by a few percent to as much as 10%. The SOx emissions in New York could reduce by

5% and the NOx emissions by 10% with the addition of 3,300 MW of wind generation.

While there was some increase in transmission congestion due to the fact that most of the
proposed wind sites are in upstate and western New York, the bulk of the increased flows
occurred during times that the interfaces were not fully loaded. In fact, despite the location of the

wind farms more downstate thermal generation was displaced than upstate.

The ability to accurately forecast the wind generation for the day ahead market can greatly
enhance its value. Roughly 25% of the system cost reductions between the “no wind” and “actual
wind” cases results from the ability to predict the wind ahead of time and reflect its generation in
the commitment of the rest of the system. The existing forecast accuracy seems to pick up 90%
of that difference, but the remaining 10% is worth about $1.50/MWh of wind generation. Based
on the data provided, day ahead forecast accuracy is fairly high when viewed across a projected
3,300 MW of wind capacity spread across the state. The accuracy for individual wind farms will
not be as high and it may be appropriate for multiple wind farms to merge their forecasts on a

zonal or regional basis.
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5 Wind and Load Variability

The behavior of power systems is dynamic and driven by continuously changing conditions, to
which the power system must continually adapt. The overview of system operation provided in
Section 1.3, Timescales for Power System Planning and Operations, discussed the various time

frames of operation at a high level.

In this section, a detailed statistical analysis of the variability of system loads and wind generation
are presented. The results presented here complement the forecast error analysis presented in
Section 3, Forecast Accuracy. Here, the issue is variation, not uncertainty. The power system
must properly respond to these variations, regardless of how well anticipated or predicted they

may be.

In the following subsections, progressively shorter periods of time and faster variations in load
and wind power will be examined. The time frames correspond to the planning and operation

processes outlined in Figure 1.2.

5.1 Annual and Seasonal Variability

There are differences in wind energy production between years. Figure 5.1 shows a duration
curve for the three study years. The difference between the minimum and maximum production
for the three years is about 1000 GWhr. Similarly, there is seasonal variability as well. To a
large extent, these variations are primarily planning issues, rather than operational. Ultimately,
issues of long-term variability of wind become significant in the context of economics of
operation, capacity planning and to some extend maintenance outage scheduling. The seasonal
and annual variability of expected wind production are shown in Figure 7.3. Since these longer-
term issues are examined in detail in Section 4, Hourly Production Simulation Analysis, and

Section 7, Effective Capacity, they will not be further discussed here.
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Figure 5.2 includes over 14,000 data points. Nevertheless, notice that it is relatively smooth, in

the sense that fast variations (that make the trace slightly fuzzy) are minimal on this scale.

26000 -
24000 -

22000 -

20000 - %’\/ \\\
18000

16000 %ﬁ/ \

14000 -

Mw

12000 -

10000 w w \ ‘ ‘ ‘ :
0:00 3:00 6:00 9:00 1200 15:00 18:00  21:00

— Jan/8/2003 —— Aug/1/2003 | Time

Figure 5.2 State-wide Daily Load Profile for January 8, 2003 and August 1, 2003

5.2.1.2 Geographic Characteristics

The NYSBPS system is segregated into three superzones, and 11 zones, as shown in Figure 1.1.
Since Superzone A-E, which covers most of upstate (Zones A through E), is host to the majority
of the study scenario wind generation, it is valuable to examine the load characteristics of that

superzone separately from the entire state.

Figure 5.3 shows the daily load profiles for the Superzone A-E for January 8, 2003 and August 1,
2003. Notice that the load shapes are qualitatively similar to, but slightly less smooth than, the
statewide curves in the previous figure. The daily maxima for the two days are approximately
one third that for the entire state. In these figures, it is possible to see some of the finer, high
frequency variation in the superzonal load. This faster variation will be examined further in

subsequent subsections.
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only reaches or exceeds 10% for 100 hours in the month. However, the Superzone A-E and Zone
K which host most of the wind generation exceed 10% about one-third of the time, and reach

penetrations up to 35% on their local basis.
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Figure 5.7 Range of Penetration based on actual wind for January 2001

Each month produces a distinct level of penetration, with some number of hours exceeding the
nominal 10% penetration level. The hours of penetration in excess of 10% for the eleven months
examined in Section 3, Forecast Accuracy, are shown in Figure 5.8. The seasonal variation in
load and wind generation patterns are apparent in this plot, with fewer hours of penetration in
excess of 10% showing up in the summer (August), and more hours during the higher wind

months of October and January.
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5.2.5 Combined Load and Wind Variability

Examination of the hour-to-hour variability of the system with and without wind provides the
most insight. Figure 5.10 shows a comparison histogram of the two for January 2001. This
figure shows the hour-to-hour changes that must be accommodated by the balance of dispatchable
generation in New York State and power exchange with neighboring systems. This figure helps
illustrate the fact that variability of wind generation has much the same characteristic as the

stochastic variation of loads, for which the system is designed and operated.

Figure 5.10 shows the overall impact of wind generation at the statewide level. The standard
deviation of the load only variability for January is 858 MW, increasing by 48 MW to 906 MW
with wind. This means that within that month, there is a 99.7% expectation (35) that hour-to
hour changes will be less than £2574 MW without wind, and £2718 MW with wind. In this
particular sample, the single largest positive load rise is 2288 MW without wind and 2459 MW
with wind. This is consistent with the expectation based on 3c. The largest single hourly load
declines are 1787 MW and 2101 MW, respectively. Stated differently, these results show that the
contribution to state-wide hour-to-hour variability of the 3300 MW of installed wind generation

are expected to be within about £150 MW.

Figure 5.11 shows the same information for Superzone A-E. As shown in Figure 5.7 and Figure
5.8, the penetration level within the superzone is significantly higher than that measured
statewide. The impact on the hour-to-hour variability within the superzone is more noticeable,
with a stronger trend towards larger load rise. The standard deviation of the superzone load only
variability for January is 282 MW, increasing by 45 MW to 327 MW with wind. This means that
within that month, there is a 99.7% expectation (3c) that hour-to-hour changes will be less than
+846 MW without wind and 981 MW with wind. In this particular sample, the single largest
positive load rise is 871 MW without wind and 1042 MW with wind. This is consistent with the
expectation based on 3c. The largest single hourly load declines are 581 MW and 917 MW,

without and with wind, respectively.

Figure 5.12 shows the same information from Zone K. The standard deviation of the Zone K
load only variability for January is 144 MW, increasing by 15 MW to 159 MW with wind. This
means that within that month, there is a 99.7% expectation (3c) that hour-to-hour changes will be

less than +432 MW without wind, and +477 MW with wind. This is supported by this sample, in
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Table 5.1. ACE Statistics from Eight Representative Days

8-Jan 20-Jan 1-Apr 12-Apr 1-Aug 9-Aug 1-Oct 18-Oct
00:05 - 23:59 ACE ACE| ACE ACE ACE ACE ACE ACE
Mean -13.38 -38.60 -6.98 -2.82 -11.69 -6.43 -1.42 -5.23
Standard Error 0.56 0.67 0.48 0.52 0.55 0.46 0.59 0.53
Median -11.67 -32.00 -12.17 -4.00 -9.33 -4.00 217 -4.50
Mode -7.00 -70.00 5.00 0.00 9.00 23.00 2.00 -23.00
Standard Deviation 67.46 79.98 57.31 62.20 65.93 55.49 70.08 63.05
Sample Variance 4550.83 6396.63 3283.97| 3868.25 4347.42| 3079.58| 4910.85( 3975.68
Kurtosis 3.57 2.84 4.49 0.95 3.36 1.76 1.78 1.35
Skew ness -0.26 -0.69 1.20 0.06 -0.31 -0.60 -0.37 0.12
Range 691.40 859.00 612.83 620.20 650.17 415.33 762.58 592.00
Minimum -342.40 -504.00 -258.33| -321.00 -306.67| -252.33| -373.33| -292.50
Maximum 349.00 355.00 354.50 299.20 343.50 163.00 389.25 299.50
Sum -191939.81| -553863.78| -100102.08 -40481.81| -167723.98| -92304.18| -20391.02( -75078.70
Count 14349.00] 14349.00 14349.00| 14349.00| 14349.00( 14349.00{ 14349.00| 14349.00

5.4.2 One-Second Wind Variability

The variability of wind power in the one-second time frame is statistically uncorrelated between
sites.  Six one-second resolution wind data sets were analyzed for their second-to-second
variability. Figure 5.26 shows the standard deviation of second-to-second changes for each of the
scenario wind sites, for each of the six 10-minute wind samples. In the figure, each color/shape
corresponds to one of the samples for all of the sites. The individual sites are plotted against the
project rating on the x-axis. Notice, that for any given sample, there is a wide range of
variability, even between projects of similar size. This would be expected for a short sample like
this. Notice also that variability, while increasing with project size, does not increase in
proportion to project size. This is again because the spatial diversity within a large farm is quite
important in this time frame, and results in significant smoothing for large projects. The largest
site (600 MW) is offshore, and so also benefits from somewhat steadier wind than on-shore sites.
The heavy brown dots are for the wind sample used in stability simulations presented in Section
6.2, Stability Analysis. In additional to these spatial diversity benefits, the second-to-second
variability from individual wind turbines is limited by their physical characteristics. Wind
turbines have significant inertia, which limits the rate at which power output can change. Further,
the electrical and control characteristics of wind turbine generators have a significant impact on

the relationship between wind speed fluctuation and electric power output.
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Figure 5.26 Variability Statistics (One-second) for Samples

5.4.2.1 One-Second Wind Variability Of One Wind Farm

The second-to-second variation in output of a specific wind farm is a highly localized
phenomena. Historical measurements at other locations and meso-scale meteorology can provide
some level of insight into the expected behavior of a farm. In this section, detailed statistical
analyses of an operating farm are presented. The data is one-second resolution data for an
approximately 100 MW farm in Iowa™". The total farm output for the month is shown in Figure
5.27. There are about 2.7 million data samples plotted in this figure, which clearly shows
substantial variation in output over the month. This output looks highly variable, but recall that
this is 744 hours (31 days). In this context, we are concerned with second-to-second variations

within 10-minute windows.
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Figure 5.27 One Month of One-second Resolution Data from Operating Wind Farm

Figure 5.28 shows the second-to-second change for the output plotted in Figure 5.27. Notice that
at no time in the month did a change in excess of 1 MW, roughly 1%, occur in a second. Most

changes are much smaller. In terms of system stability, a 1% step change is normally trivial.

It is possible for individual wind turbines to trip within a farm, due to local equipment problems
or due to high winds. In such cases, a step decrease of up to the rating of a single wind turbine is
possible, though no such event is identifiable in this sample. In general, tripping due to high wind
will occur one wind turbine at a time over a farm. High wind speed cutout was considered in the
development of the statewide wind scenarios, but is not a major contributor to the largest system

changes in any of the operational time frames.
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Figure 5.28 Second-to-second Change for One Month

The standard deviation of this entire sample is 0.0919 MW or about 0.1% of the farm rating.
However, for any selected 10-minute sample, the standard deviation may be greater or less than
this. Figure 5.29 shows a rolling 10-minute window of the standard deviation of the variation
from Figure 5.28. There are very brief windows when the standard deviation reaches as high as
0.2 MW and periods when the variation is zero (corresponding to periods of no wind). The trend
is around 0.1%, as expected. A histogram of these standard deviations is shown in Figure 5.30.
The annotation on the figure points out the range of deviations for the 10-minute samples used for
this study from Figure 5.26. The range of variance for the sample used to test New York State

regulation in Section 6, Operational Impacts, is consistent with these field measurements.
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Table 5.2 Statistics on six-second variability

Zone K Superzone State
Actual-Mean Delta |Load |Wind |[Load-Wind |Load Wind |Load-Wind |[Load Wind [Load-Wind
Mean 0.00] 0.00 0.00 0.00f 0.00 0.00 0.00] 0.00 0.00
Standard Error 0.63| 0.24 0.63 1.91 0.97 2.72 4.08] 0.96 478
Median -0.68| -0.17 -1.05 1.20 0.06 -0.65| -10.11] -1.23 -8.22
Mode 0.90( -0.36 2.12 11.20f 0.88 XX 26.12| -4.93 -48.39
Standard Deviation | 10.88| 4.14 10.90 33.09| 16.84 47.18 70.71] 16.59 82.75
Sample Variance 118.31[17.18 118.84| 1,094.90| 283.52| 2,225.96] 5,000.34| 275.14| 6,847.94
Kurtosis 0.05[ 1.02 -0.30 -0.20 1.99 0.70 0.38] 0.89 0.94
Skewness -0.04] 0.11 0.01 0.18] -0.33 0.27 0.40] 0.06 0.42
Range 58.00( 22.80 53.62| 169.00| 99.37 258.701 350.00| 88.26 435.52
Minimum -32.68| -9.73 -29.74] -81.16| -55.35 -118.81| -156.27| -49.70 -192.09
Maximum 25.32| 13.07 23.88 87.84| 44.02 139.89|] 193.73| 38.56 243.43
Sum 0.00] 0.00 0.00 0.00f 0.00 0.00 0.00] 0.00 0.00
Count 300] 300 300 300 300 300 300 300 300

5.5 Conclusions and Recommendations

5.5.1 Conclusions

There is a slight increase in variability for each time frame of operation, related to scheduling,

load following and regulation.

The NYSBPS is expected to have the capability to respond to the increase in variability with

existing practice and generating resources, with no significant impact on reliability.

A slight increase in regulation, on the order of 36 MW is required to meet the present level of

CPS performance. No increase is necessary to meet minimum NERC requirements.

These conclusions are based on presumption of system and individual generators performing in

adherence to operating rules.

The operational impacts of these variations are further quantified in Section 6, Operational

Impacts.

5.5.2 Recommendations

No immediate changes in operations due to the variability impacts of wind are required.

NYISO should monitor potential impacts on load following and regulation as wind penetration
increases; noting any performance issues, including failure of participants to adhere to operating

rules.
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6 Operational Impacts

The operational impacts of significant levels of wind generation cover a range of time scales.
The annual, seasonal, daily and hourly impacts are described in Section 4, Hourly Production
Simulation Analysis. The minute-to-minute or quasi-steady-state (QSS) and second-to-second or
fundamental frequency stability impacts are described in this section. The QSS analysis
evaluated 3-hour intervals under specific, time-variable load and wind conditions to determine the
impact of wind on minute-to-minute changes to individual unit dispatch, in terms of load
following and ramp rate requirements, as well as on the regulation requirements for units
participating in automatic generation control (AGC). The stability analysis evaluated 1-second to
10-minute intervals to determine the impact of wind on system-wide transient stability
performance, AGC performance, as well as the need, if any, for a variety of farm-level functions
(e.g., voltage regulation, low-voltage ride through, etc). The selected QSS and stability time
simulations are representative illustrations of system performance, and are intended to provide

context to the statistical analysis presented in Section 5, Wind and Load Variability.

All analyses described in this section were performed using GE’s PSLF (Positive Sequence Load
Flow) and PSDS (Positive Sequence Dynamic Simulation) software package. Details of the QSS
analysis are described in Section 6.1, OSS Analysis. The stability analysis is described in Section
6.2, Stability Analysis. Conclusions and recommendations are presented in Section 6.3,

Conclusions.

6.1 QSS Analysis

The data, methods, tools, models, assumptions, study scenarios and results for the QSS analysis

are described in the following subsections.

6.1.1 Approach

The objectives of the QSS analysis were to determine the impact of wind on 1) minute-to-minute
changes to individual unit dispatch, in terms of load following and ramp rate requirements, as
well as on 2) the regulation requirements for units participating in AGC and responding to

changes in tie flows.

This was accomplished by performing a series of power flow solutions to simulate system
performance on a minute-by-minute basis over selected 3-hour intervals. Each power flow in the

series represented system conditions at a particular minute of the simulation. All loads varied
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from minute to minute. For simulations including wind generation, all wind farm power outputs
varied from minute to minute. Finally, selected non-wind generating units were redispatched to

accommodate the changes to load level or changes to both load level and wind generation.

Specifically, the following occurred in each QSS simulation at 1-minute intervals:

e all loads were modified according to a selected zonal load profile,
o all wind farm power outputs were modified according to a selected wind profile,

e all power required to balance total generation and load changes was assigned to a dummy
generator acting as a proxy for all units on AGC.

The power output of the proxy unit approximated the amount of regulation required of all units on

AGC between 5-minute redispatches of the system.

At 5-minute intervals, an additional operation was performed to emulate the economic dispatch of
the system to follow load variations. The units that participate in the economic dispatch in a
given study interval were redispatched with the objective of returning the AGC proxy unit output

to near zero. Therefore, the following occurred every 5 minutes in each QSS simulation:

e all loads were modified according to a selected zonal load profile,
o all wind farm power outputs were modified according to a selected wind profile,

o all dispatchable units picked up a portion of the total change in load level and wind
generation over the last 5 minutes, subject to individual ramp rate limits of 1% per
minute,

e the impact of the application of the rate limits was identified as any dispatch requirements
left over from the previous step,

e asecond redispatch was performed to distribute that power among the units such that the
load following is still achieved, but in a less economic manner,

e any remaining power required to balance total generation and load (i.e., maintain swing
machine power output) was assigned to the AGC proxy generator.

The results of each 3-hour QSS simulation included zonal loads (MW), total New York State load
(MW), zonal wind generation (MW), total New York State wind generation (MW), individual
dispatchable unit power output (MW), selected internal interface flows (MW), tie flows between
New York State and its neighbors (MW), impact of application of rate limits (MW), and dummy
generator output (MW) as a proxy for all AGC units.

Additional details of the QSS analysis approach are discussed in the following subsections. The

results are discussed in Section 6.1.2, Results.
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6.1.1.1 Data

Four types of data were used in the QSS analysis: power flow databases, individual wind farm
output profiles, zonal load profiles and MAPS hourly simulation results. Each is described

below.

6.1.1.1.1 Power Flow Databases

NYISO provided three power flow databases for Phase I of this project, representing peak, light,
and intermediate New York State load levels without significant wind generation. The same
power flows were available for the QSS analysis. They represented the system conditions, i.e.,
total New York State generation and load, shown in Table 6.1. The QSS analysis was performed
using the light load databases, since they best matched the study scenarios, as described in

Section 6.1.1.2, Study Scenarios.

Table 6.1. Summary of QSS Power Flow System Conditions with No Wind Generation.

Light Load Intermediate Load | Peak Load
Total NY State Generation | 14,514 MW 25,826 MW 32,525 MW
Total NY State Load 14,174 MW 26,325 MW 32,889 MW

5,797 MV Ar 10,873 MV Ar 13,597 MV Ar

Power flows were also developed to represent the New York State system with the primary wind
generation scenario, as described in the Section 1, Introduction. Thirty-seven individual wind
farms were added to each of the above databases. Each wind farm was connected directly to a
designated substation and represented by a single equivalent machine. The majority of the
interconnections were at the 115kV voltage level and above. Four of the Long Island
interconnections were at the 69kV voltage level. No interconnections were below 69kV. The
output of each wind farm was set by the selected wind profile. The total initial output from all 37
wind farms varied from about 500 MW to 2300 MW in this part of the study. The system
redispatch required to accommodate wind generation followed the dispatch patterns observed in

the MAPS simulations, as discussed in Section 6.1.1.1.4, MAPS Simulation Results.

6.1.1.1.2 Wind Profiles

AWS TrueWind provided individual wind farm output (MW) data for each of the sites included

in the primary study scenario. Data with 1-minute resolution was used for the QSS analysis.

The 1-minute data included selected 3-hour intervals from different times of year and different

periods of the day for a total of 108 potential wind events. Forty-five intervals represented
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MW, and —114 MW for the October load only, October wind, and May wind scenarios,
respectively. These values are consistent with the S-minute 3o variation, 165 MW, calculated in

Section 5.3, Five-Minute Variability.

A cross plot of the impact of rate limits (MW) for the three cases is shown in Figure 6.13. The
blue line represents the October evening load only scenario, the solid red line represents the May
wind scenario, and the dotted red line represents the October wind scenario. Applying rate limits
(1%/minute) had a more significant impact on these scenarios than on the August scenarios, since
fewer units were assigned to the economic dispatch. Given the conservative assumptions in the
assignment of units to dispatch duty, as outlined in Section 6.1.1.1.4, MAPS Simulation Results,
the focus was on the difference between various cases not on the absolute results. Therefore, the
sub-economic load following increased by approximately 9 MW for the May wind scenario and
by about 24 MW for the October wind scenario. As noted before, this is not a change in unit

commitment. Rather, some of the load following is performed by sub-economic units.

The amount of energy per hour redistributed from the most economic units to other less economic
units is a quantitative measure of the amount of sub-economic load following. The energy per
hour of sub-economic load following was 4.7 MWh/hr, 5.3 MWh/hr, and 4.2 MWh/hr for the
October load only, October wind, and May wind scenarios, respectively. The largest difference
was observed for the October wind scenario, which resulted in a 0.6 MWh/hr increase in sub-

economic load following.

The combination of decreasing load and increasing generation will not adversely impact system

reliability. However, it will need to be accommodated by operations.
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All New York generating unit, including all wind farm, variables were monitored in the stability
analysis as well as selected internal interface flows, tie flows between New York State and its

neighbors, and other case-dependent information.

Additional details of the stability analysis approach are discussed in the following subsections.

The results are discussed in Section 6.2.2, Results.

6.2.1.1 Data

Three types of data were used in the stability analysis: power flow and dynamic databases,

individual wind farm output profiles, and zonal load profiles. Each is described below.

6.2.1.1.1 Power Flow and Dynamic Databases

The three power flow databases provided by NYISO, representing peak, light, and intermediate
New York State load levels without significant wind generation, were described in Section
6.1.1.1.1, Power Flow Databases. The light load case was used in the stability analysis,

representing the system conditions shown in Table 6.3.

Table 6.3 Summary of Stability Power Flow System Conditions with
No Wind Generation.

Light Load
Total NY State Generation 14,514 MW
Total NY State Load 14,174 MW

5,797 MV Ar

Power flows were also developed to represent the New York State system with the primary wind
generation scenario, as described in Section 1, Introduction. Thirty-seven individual wind farms
were added to each of the above databases. Each wind farm was connected via an appropriately
sized transformer to a designated substation and represented by a single equivalent machine. The
output of each wind farm was set by the selected wind profile. The total initial output from all 37
wind farms varied from about 600 MW to 2300 MW in the stability study. In general, the system
redispatch required to accommodate wind generation was performed in the same zones in which
the wind farms were added. This minimized the location-based impact of the wind generation
and focused the evaluation on wind-specific issues, such as WTG performance, farm-level

functions, etc.
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Dynamic databases, corresponding to each power flow, were also provided by NYISO. These
databases were augmented by the addition of an AGC model and WTG models, as needed.
Unless otherwise noted, all WTG models were vector controlled, based on GE’s 1.5SMW WTG
technology. All WTG models also included low voltage ride through (LVRT) capability
sufficient to withstand 0.3pu voltage for up to 100 milliseconds, a reactive power output range of
+ 0.436pu of maximum farm output, and voltage regulation. Remote (i.e., high side or
transmission bus) regulation was implemented for all wind farms that did not share an
interconnection bus. At transmission buses with multiple wind farm interconnections, local (i.e.,
low side or 34.5kV collector bus) regulation was implemented. Details of the dynamic WTG
models are provided in Appendix D. Details of other dynamic models (e.g., AGC) are provided
in Appendix E.

6.2.1.1.2 Wind Profiles

In addition to the 1-minute data used in the QSS analysis, AWS TrueWind also provided 10J
second data for the stability analysis. A statistical analysis of that data is provided in Section

5.4.2, One-Second Wind Variability.

The 1-second data included six selected 10-minute intervals from different months and different
times of day. Again, the data was provided in terms of power output (MW) by individual site.
However, the wind turbine-generator (WTG) model used in the stability analysis requires wind
speed as its input variable. Therefore, the power output data (MW) was converted to wind speed
(m/s). To test the accuracy of the conversion, the calculated wind speed was used to drive a
simulation and the resulting wind farm power output was compared to the original AWS
TrueWind data. An example of this comparison is shown in Figure 6.18. The green trace
represents the AWS power output (MW) data and the pink trace represents the power output
(MW) resulting from a simulation using calculated wind speed as an input signal. The largest
difference between input data and simulated results was approximately 0.5SMW. This level of
accuracy was deemed acceptable. Therefore, calculated wind speed was used as the input signal

for the equivalent WTGs in the stability analysis.

As noted above, the data was provided with 1-second resolution. However, stability simulations
use time steps on the order of 4 milliseconds. Therefore, a simple interpolation was performed to

generate wind speeds between each 1-second data point.
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Figure 6.18 Wind Farm Power Output Comparison.

Additional information on the AWS TrueWind data is provided in Appendix A. Additional

information on the wind turbine-generator model is provided in Appendix D.

6.2.1.1.3 Load Profiles

NYISO provided 6-second zonal load data (MW) for each day in January, April, August, and
October 2003, as described in Section 6.1.1.1.3, Load Profiles.

The zonal load profiles were used to set the power level for all individual loads in New York
State in the stability analysis. Specifically, a change in zonal load from one data point to the next
was spread across all loads in that zone, proportional to the size of an individual load. In
addition, a simple interpolation was performed to generate load levels between each 6-second

data point.

GE Energy 6.26 3/04/05






Operational Impacts

6.2.2 Results

The discussion of the stability results is split into two subsections. Section 6.2.2.1, Wind Farm
Performance, discusses the impact of various farm-level functions on system performance in the
1 to 10-second time frame, and Section 6.2.2.2, System Performance, discusses the impact of

wind generation on overall system performance in the 10-minute time frame.

6.2.2.1 Wind Farm Performance

The impact of low voltage ride through (LVRT) capability, voltage regulation, and wind turbine
generator technology differences on system performance are described in the following sections.

The ability of wind farms to withstand frequency swings is also evaluated.

6.2.2.1.1 Overall Stability Performance

The transient stability behavior of wind generation is significantly different from conventional
synchronous generation. The distinction is particularly acute for vector controlled wind turbinel’]
generators*”. Like conventional generators, wind turbine-generators will accelerate during
system faults. However, unlike synchronous machines there is no physically fixed internal angle
that must be respected in order to maintain synchronism with the grid, and which dictates the
instantaneous power delivered by the machine to the grid. With WTGs, the internal angle is a
function of the machine characteristics and controls, allowing a smooth and non-oscillatory rel’
establishment of power delivery following disturbances. The difference in behavior is similar to
that of a automobile shock absorber: the WTG will respond to system events (potholes), but not
rigidly transmit the effect of a disturbance between the turbine (passengers) and grid (road).
These same characteristics also mean that WTGs will not contribute to system oscillations. The
net result of this behavior is that wind farms generally exhibit better stability behavior than

equivalent (same size and location) conventional synchronous generation.

To illustrate the difference, selected results of two Marcy fault simulations are shown in Figure
6.20. Specifically, the Marcy 345kV bus voltage (pu) and Total East interface flow (MW) are
shown. The solid line represents a case with the 37 wind farms in-service, generating
approximately 2280 MW. The dotted line represents system performance with no wind
generation. Both the post-fault voltage dip and the oscillations in the interface flow are improved

with the addition of vector controlled WTGs.
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Figure 6.20 Impact of Wind Generation on System Performance.

6.2.2.1.2 Low Voltage Ride Through (LVRT)

Historically, the utility industry expected wind generation to trip in response to significant system
disturbances. This expectation, and often requirement, was driven by the fact that wind
generation constituted a small portion of the total generation resource pool, and most wind
generation was sprinkled throughout distribution systems. These considerations are no longer
applicable. Both the penetration of wind generation and the size of wind farms connected directly
to the transmission grid have increased. In turn, a utility’s exposure to significant simultaneous
loss of wind generation in response to low voltages has also increased. Therefore, the ability of

WTGs to tolerate momentary depressions in system voltage due to system faults is of significant
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concern to the utility industry. This capability is variously called “fault ride-through,” “low
voltage ride-through” (LVRT), and “emergency voltage tolerance.” Therefore, the impact of

LVRT on both system and farm-level performance was evaluated in this study.

As noted in Section 6.2.1.1.1, Power Flow and Dynamic Databases, the selected LVRT function
allowed WTGs to withstand a 0.3pu voltage for up to 100 milliseconds. Note that the industry is
moving toward a more aggressive LVRT requirement in terms of both minimum voltage and

timer thresholds.

Selected results of two Marcy fault simulations are shown in Figure 6.21. Specifically, the Marcy
345kV bus voltage (pu), Total East interface flow (MW), and Site 6 wind farm power output
(MW) are shown. The solid line represents a case with the 37 wind farms in-service, generating
approximately 2280 MW, with LVRT capability on all farms. The dotted line represents the
same wind generation scenario but without LVRT capability. There is no significant difference

in system-wide voltage or interface flow performance with or without LVRT capability.

However, it can be observed that without LVRT, the wind farm trips when the interconnection
bus voltage dips below 0.7pu, resulting in a loss to the system of approximately 300MW of
generation. With LVRT, this wind farm remains connected to the system. NYS performance
criteria do not allow tripping of remote generation for design criteria faults. Only local

generation that is included in the fault may trip.

In addition, the loss of generation associated with the lack of LVRT could be significant under
severely stressed system conditions or in response to more severe fault disturbances. The
distribution of terminal voltages observed at each wind farm in response to the Marcy fault is
shown in Figure 6.22. The blue dots represent the minimum terminal voltages at each site. The
red line shows the voltage tripping threshold (0.7pu) for WTGs without LVRT and the yellow
line shows the voltage tripping threshold (0.3pu) for WTGs with the LVRT used in this analysis.
Note that Sites 6 and 25 are the only two sites with low enough voltages to trip without LVRT.
The green line represents the voltage tripping threshold (0.15pu) which appears to be the
consensus emerging from on-going industry-wide discussions. It is recommended that NYS

adopt the emerging LVRT specification.
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Figure 6.21 Impact of LVRT on System Performance.
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Figure 6.22 Minimum Terminal Voltages for All Wind Farms in LVRT Example.

6.2.2.1.3 Voltage Regulation

The ability of individual WTGs and entire wind farms to regulate voltage varies. Historically,
WTGs with induction generators were not required to participate in system voltage regulation.
Their reactive power demands, which increase with active power output, were typically
compensated by switched shunt capacitors. This compensation was somewhat coarse, in that the
capacitors are switched in discrete steps with some time delay. Therefore, many large wind
farms, particularly those with interconnections to relatively weak transmission systems, are now
designed to provide voltage regulation. These farms include supervisory controllers that instruct
components of the wind farm (WTGs, shunt capacitors, etc.) to regulate voltage, usually at the
POI (point of interconnection), to a specified level. Many new wind farms also accept a reference

voltage that is supplied remotely by the system operator.
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Of these various types of WTGs, only vector controlled WTGs have the inherent ability to control
reactive power output from the generator, and therefore to regulate voltage. For the other WTGs,
additional equipment is required to compensate for the generator’s reactive power consumption
and to meet the reactive power needs of the host grid. In applications on relatively weak systems,
the addition of fast-acting solid-state reactive power equipment may be required to meet the
voltage regulation requirements with these other types of WTGs. In general, however, fast and

tight voltage regulation is possible with any properly designed wind farm.

Therefore, the impact of voltage regulation on system performance was evaluated in this study by
comparison to reactive power regulation. Voltage regulation is achieved by a closed loop
adjustment to the reactive power order. The reactive power control is achieved by a closed loop
adjustment of reference voltage, and is effectively regulating to near unity power factor. This is

only one example of a reactive power control.

The results of two Marcy fault simulations, with and without voltage regulation, are shown in
Figure 6.23. The left column shows selected wind farm variables at a particular site with voltage
regulation, and the right column shows the same variables at the same site with reactive power
regulation. The top row of plots show wind farm terminal bus voltage (pu, solid line) and
reference voltage (pu, dotted line). The second row of plots show wind farm reactive power
output (MVAr, solid line) and reactive power reference (MVAr, dotted line). The results with
voltage regulation show a fast recovery and that the minimum post-fault terminal bus voltage is
greater than 1.00pu. With reactive power regulation, the recovery is slower and the minimum
post-fault terminal bus voltage is about 0.92pu. The reactive power output, however, is regulated
to its reference. Other reactive power control schemes are possible, and would have a similar

impact on system performance.

Long term stability simulations, 600 seconds in duration, were also performed with and without
voltage regulation. Instead of a fault disturbance, the simulation was driven by selected August

load and wind profiles.

The impact of voltage regulation on Adirondack 230kV bus voltage performance is illustrated in
Figure 6.24. The solid line (top) represents voltage regulation, the dotted line (bottom) represents
reactive power regulation, and the dashed line (middle) represents system performance without

wind. Note the drift in bus voltage with reactive power regulation as well as in the case without
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wind. The addition of wind farms with voltage regulation capability improved the transmission

system voltage profile.
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Figure 6.23 Local Performance with and without Voltage Regulation.
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Figure 6.24 System Performance with and without Voltage Regulation.

6.2.2.1.4 Wind Turbine-Generation Technology

As noted in the “Technical Characteristics™" document, the type of WTG technology can have a
significant impact on system performance. As noted in Section 6.2.1.1.1, Power Flow and
Dynamic Databases, the bulk of this study was performed using vector controlled WTG models.
To illustrate the different levels of performance inherent in the different types of WTG
technology, additional fault simulations were performed. The response of vector controlled
WTGs was compared to stall regulated WTGs to bracket performance. Scalar controlled WTG
performance would fall in between that of the other two types of WTG. Therefore, it was not

evaluated for this study. Details of the dynamic models are provided in Appendix D.
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The impact of WTG technology on Marcy 345kV bus voltage performance is illustrated in Figure
6.25. The solid line represents vector controlled WTG performance and the dotted line represents
conventional stall regulated WTG performance. The post-fault voltage was about 2% lower with

the stall regulated WTGs.

The impact of WTG technology on an individual wind farm is illustrated in Figure 6.26. Selected
variables for one wind farm site are shown. Again, the solid line represents vector controlled
WTG performance and the dotted line represents stall regulated WTG performance. Real power
output (MW), reactive power output (MVAr), and terminal bus voltage (pu) are shown. With the
stall regulated WTG, reactive power consumption is significant, real power output is not
maintained and the terminal voltage recovery is slow. By contrast, vector controlled WTGs
maintain real power output and provide fast voltage recovery. The reactive power output, which
moves in response to overall system oscillations, is also reduced. Note the significant difference
in terminal voltage. It drops below 0.90pu with the stall regulated WTG, but remains above
1.00pu with the vector controlled WTG. Some improvement in stall regulated WTG performance

could be achieved with the application of dynamic var compensation equipment.
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Figure 6.25 System Performance with Different Types of WTGs.
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schedule based on an economic dispatch would offset the load following component. Therefore,
as long as load following units meet their objectives, the AGC units will see similar duties, with

or without wind generation.
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Figure 6.28 AGC & Frequency Response to August Load and Wind Profiles.

6.3 Conclusions

The QSS and stability time simulations discussed in this section were representative illustrations
of system performance, intended to provide context for the statistical analysis presented in
Section 5, Wind and Load Variability. The simulations illustrated the impact of significant
amounts of wind generation on the New York State power system’s load following capability,

regulation requirements and overall transient stability. In addition, the performance of selected

GE Energy 6.41 3/04/05



Operational Impacts

farm-level functions (e.g., LVRT, voltage regulation, WTG technology, active power control)

was illustrated.

The study scenarios were selected to be severe, but likely, tests of the operational impacts of
significant amounts of wind generation on New York State system performance. The QSS
results, as well as the statistical analysis performed in Section 5, Wind and Load Variability, show
that 3,300 MW of wind generation will impose additional load following duty on the
economically dispatched units. No change in unit commitment is anticipated, but some of the
load following may be performed by sub-economic units to respect the 1%/minute load following
capability of individual units. The required load following duty appears to be within the

capability of the existing system.

The results of the long-term stability analysis showed that the addition of wind would have little
impact on the second-to-second response of the AGC. Therefore, as described in Section 5.4.1,
AGC Performance, NYISO’s existing level of regulation should be adequate with the addition of
3,300 MW of wind generation.

As described in Section 6.2.2.1.1, Overall Stability Performance, the transient stability behavior
of wind generation, particularly vector controlled WTGs, is significantly different from that of
conventional synchronous generation. The net result of this behavior difference is that wind
farms generally exhibit better stability behavior than equivalent (same size and location)

conventional synchronous generation.

Phase 1 of this project recommended that New York State require all new wind farms to have
certain features. The impact of the two selected features, voltage regulation and low voltage ride
through (LVRT), on system performance was demonstrated in this section. Voltage regulation
improves system response to disturbances, ensuring a faster voltage recovery and reduced post-
fault voltage dips. LVRT ensures that wind farms remain connected to the NYSBPS under low
voltage conditions due to faults or other system disturbances. Therefore, the Phase 1
recommendations are substantiated by the simulation results described in Sections 6.2.2.1.3,

Voltage Regulation, and 6.2.2.1.2, Low Voltage Ride Through (LVRT).

Good performance was demonstrated with LVRT parameters that are less aggressive than the
emerging industry consensus. However, only a single illustrative simulation was performed. The
studied LVRT parameters may not be sufficient to provide acceptable performance in response to

more severe faults or under more stressed system conditions. Therefore, it is recommended that
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NYS adopt the emerging LVRT specification. That specification appears to be converging on the
E-ON Netz based requirement of 15% retained voltage at the point of interconnection for 625
milliseconds, rising linearly to 90% retained voltage at 3 seconds as shown in the FERC NOPR
on wind generation interconnection requirements™. The FERC NOPR also allows a wind farm
to request a waiver on the LVRT requirement and the transmission provider to agree to the

waiver, under certain conditions. New York may also decide to adopt this policy.

Phase 1 also identified other farm-level functions that should be considered by New York State as
potential future requirements. Of these, the ability to set power ramp rates for wind farms was
demonstrated in Section 6.1.2.3, Active Power Control. The example ramp rate limit function
resulted in a decrease in regulation requirements at the expense of energy production. To
minimize the associated economic losses, such a function should only be used in specific
applications to ensure system reliability. Again, the Phase I recommendations are substantiated

by the simulation results shown in this section.
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7 Effective Capacity

7.1 Introduction

This section examines the effective capacity of wind generation. Typical thermal generation can
supply capacity on demand, 24 hours a day, all week long. A 100 MW unit can provide 100 MW
of capacity whenever called upon. Even recognizing generator forced outages has a predictable
outcome since the outages are assumed to be random throughout the year. Therefore, if a 100
MW unit has a 10% forced outage rate, then there is a 90% probability that the unit will be
available whenever it is called upon and its UCAP, or Unforced CAPacity, would be 90 MW as
opposed to its ICAP, or Installed CAPacity, of 100 MW.

While a wind turbine may be expected to have a 30% capacity factor for the year, it would NOT
be proper to view that as a 70% forced outage rate since the outages are NOT random. There is a
definite seasonal and diurnal pattern to the wind output, and how this wind output aligns with the

system demand will have a significant effect on its capacity value.

Historical NYISO load data for 2001, 2002 and 2003 was used for the analysis in this section.
Wind outputs were also developed for 3,300 MW of installed capacity spread out across 33 sites
on the system. The wind output was developed from historical meteorological data for the same
years. In order to capture the correlation of loads and wind output, if any, all analysis used this

time-synchronized data from corresponding years.

7.2 Wind and Load Shapes

Figure 7.1 shows the average monthly capacity factor for the 3,300 MW of wind turbines
examined for the years 2001 through 2003. While some months approached 50%, the summer
months, during the NYISO peak loads, were as low as 20%. The annual average capacity factor
was roughly 30%. Figure 7.2 shows the average daily profile for the same time frame. The hours
from 10 a.m. to 6 p.m. have less than a 25% capacity factor while the evening and nighttime
hours may be greater than 40%. Figure 7.3 shows the seasonal wind shapes for 2002. The
average capacity factor in the summer is 23% for the entire day and only 13% for the 10 a.m. to 6

p.m. time frame.

Figure 7.4 shows the average NYISO loads and wind output for the months of July, August and
September 2001. The load and wind shapes are almost completely out of phase with each other.
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8 Suggested Changes to Planning and Operating
Practices

Previous sections of this report address the impact of wind generation on a diverse range of
system operation and performance issues. Analytical results are described in detail, and the

implications of those results are discussed.

One of this study’s key objectives is to identify changes to existing planning and operation
practices that should be considered due to the addition of wind generation in NY State. This
section of the report draws from the analysis presented in other sections, and summarizes the

impacts on existing planning and operating practices.

8.1 NYISO Planning Practices and Criteria

According to the NYISO’s System Reliability Impact Study Criteria and Procedures document,
the objectives of the SRIS are to:

1. Confirm that the proposed new or modified facilities associated with the project comply
with applicable reliability standards.

2. Assess the impact of the proposed project on the reliability of the pre-existing power
system.

3. Evaluate alternatives to eliminate adverse reliability impacts, if any, resulting from the
proposed interconnection.

4. Assess the impact of the proposed project on transmission transfer limits, considering
thermal, voltage and stability limitations, and estimate the increase or decrease in the
Transfer Capability of affected transmission interfaces.

No changes to the SRIS criteria and procedures are recommended to accommodate wind

generation projects. The key requirement in the SRIS criteria is that any new project must

comply with applicable reliability standards, and that should not change.

New York State Reliability Council (NYSRC) reliability rules are outlined in the document
NYSRC Reliability Rules for Planning and Operating the New York State Power System. The
reliability rules define the reliability of the New York State Power System in terms of adequacy
and security. There are a total of eleven reliability rules. Only those rules associated with

transmission planning are discussed in this section.

The Transmission Capability — Planning rule establishes criteria for the planning of sufficient

transmission resources to ensure the system ability to withstand design criteria contingencies
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without significant disruption to system operation. Both design criteria and extreme
contingencies are evaluated in thermal, voltage and stability analyses. Recommendations
concerning the application of the reliability rules to wind generation are discussed in the

following subsections.

8.1.1 Impact of Wind Generation on Steady-State Analysis

Only selected issues relevant to the application of the NYSRC rules to steady-state analysis with

wind generation are discussed in this section.

In accordance with the existing NYSRC rules, a steady-state analysis must evaluate design
criteria contingencies (e.g., single element outages) as well as extreme contingencies (e.g., loss of
all lines emanating from a substation). Single element (N-1) outages currently include the loss of
a single generator, and it is recommended that an individual wind farm be considered a single
generator for the purposes of this type of analysis. It is recommended that two types of wind
farm design criteria outages be evaluated. The first outage is a conventional trip of the entire
wind farm. The second outage actually represents the loss of wind, not the loss of the wind farm.
This should be implemented as a reduction in wind farm power output from its initial value to
zero, but with the wind farm still connected and therefore, still regulating voltage. The objective
of this second type of test is to determine the change in voltage on buses in the local area and

comparing the results to relevant criteria.

No changes to extreme contingencies, or multiple element outages, are recommended. The loss
of wind across the entire state, for example, is not a credible outage. Loss of wind in local areas
can be addressed under the existing rules. For example, the loss of all lines emanating from a
substation is already included in the rules. Therefore, if two or more wind farms share a
transmission substation interconnection, an assessment of the impact of the loss of these wind

farms is a defined extreme contingency.

8.1.2 Impact of Wind Generation on Stability Analysis

Only selected issues relevant to the application of the NYSRC rules to stability analysis with

wind generation are discussed in this section.

In accordance with the existing NYSRC rules, a stability analysis must also evaluate design

criteria (e.g., a permanent three-phase fault on a generator with normal fault clearing) as well as
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extreme faults (e.g., permanent three-phase fault on a generator with delayed fault clearing). No

changes in the interpretation of design criteria or extreme fault scenarios are recommended.

8.2 NERC, NPCC, and NYSRC Reliability Criteria

NERC, NPCC, and NYSRC policies and criteria were reviewed in Phase 1 of this project and
documented in Chapter 6 of the Phase 1 report. The results of Phase 2 technical analysis

reinforce the conclusions stated there.

The reliability standards themselves do not need to change to accommodate wind generation.
The system should still be designed to meet a reliability criteria of 1 day in 10 years Loss of Load
Probability, LOLP, and should still withstand the single largest contingency without causing
cascading outages. However, the LOLP calculation methods should be modified to reflect the
intermittent nature of the wind, as described briefly in (the next) Section 8.3, NYISO
Transmission Reliability and Capacity Requirements, and more fully in Section 7, Effective

Capacity.

One concern that was raised was “Would the introduction of 3,300 MW of wind generation create
a new most severe single contingency?” Analysis of historical statewide wind data indicates that
loss of wind generation due to abrupt loss of wind in not a credible contingency. Short-term

changes in wind are stochastic (as are short-term changes in load).

A review of the wind plant data revealed no sudden change in wind output in three years that
would be sufficiently rapid to qualify as a loss-of-generation contingency for the purpose of
stability analysis. While the wind can vary rapidly at a given location, turbines are spread out in a
project, and the projects are spread throughout the state, making such an abrupt drop in the total
output an extremely unlikely event. It was concluded that each wind project can be treated as

separate generating unit for contingency analysis.

Figure 8.1 below shows a histogram of the hourly deltas in wind generation from the assumed
3,300 MW of wind farms in New York. In general, the changes are well within 600 MW and
the extreme values are less that the £1200 MW criteria. And these represent the changes from
one hour to the next. Instantaneous changes, or changes within a few minutes, would be
significantly smaller. There are hours with low wind output, as shown in Figure 8.2, but they are

generally preceded by other hours that are also relatively low.
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8.3 NYISO Transmission Reliability and Capacity Requirements

The existing reliability assessment in New York is based on the Installed Capacity, ICAP,
analysis performed each year which uses a Monte Carlo based program (MARS) to determine the
amount of installed capacity required to meet a “one day in ten years” Loss of Load Probability,
LOLP, based on the daily peak loads and recognizing transmission constraints and support from
neighboring systems. This [CAP requirement, currently set at 18% reserves for the 2005 summer
peak, is then converted to a UCAP, or Unforced Capacity, requirement based on the forced
outages of the generators. The UCAP of a 100 MW generator with a 10% forced outage rate is
90 MW [ =100 * (1.0 =0.1) ]. The current UCAP requirement is roughly 12% reserves. The
UCAP is what is used in the bidding in the capacity market.

Because wind generation is an intermittent source that cannot be controlled, it needs to be
evaluated in a manner different from conventional generation. But while its output can’t be
controlled (except downward) it can be predicted. Based on the analysis performed in this study,
a 100 MW wind farm in upstate New York with a 30% annual capacity factor will have a UCAP
of roughly 10 MW. A 100 MW offshore wind farm in Long Island may have a 40% capacity
factor and a UCAP of 40 MW. The differences in their effectiveness are due the differences in
their expected daily and seasonal patterns. This study recommends that the UCAP of wind
generation be determined from the unit’s expected capacity factor during the summer peak load
period. This analysis determined that the four-hour period from hour ending 14 through 17
inclusive (1:00 to 5:00 pm) for the months of June, July and August, produced effective

capacities in line with their overall reliability impact in the full LOLP calculations.

At present there is a locational requirement for New York City and Long Island which requires
that a specified percentage of their UCAP requirements must be met locally. Other than that,
there are no locational factors in the calculation of UCAP. A hypothetical 100 MW conventional
generator with a 10% forced outage rate is worth 90 MW of UCAP whether it is in Buffalo or
New York City. Therefore, there should be no locational consideration in the calculation of a

UCAP for wind generation.

If a system ICAP needs to be determined, then it is suggested that the ICAP of the wind
generation should be set equal to its UCAP in order to avoid any radical changes in the system
ICAP values. If this is not done, then replacing 300 MW of conventional generation with 3,000
MW of wind generation (with a UCAP of 300 MW) would make the ICAP appear to rise from

18% to over 26%, resulting in a misleading measure of the system’s installed capacity reserves.
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8.4 Ancillary Services

Ancillary services in New York State include capacity (UCAP), regulation, and spinning
reserves. The addition of wind generation to the NYISO should have minimal impact on the

ancillary services market.

Capacity: The methodology for calculating the UCAP of wind must be different from the
methodology for conventional generation, due to the variable nature of the power source (see
Chapter 7). However, wind generation participation in the UCAP market should be exactly the

same as for other units.

Regulation: A 36 MW (30) increase in regulating capability should maintain the existing level of
regulation performance with the addition of 3,300 MW of wind generation. However, the
NYSBPS presently exceeds NERC regulation performance criteria for CPS1 and CPS2. It is
possible that the NYSBPS could meet minimum NERC requirements with no increase in

regulating capability.

Spinning Reserve: Even with the addition of 3,300 MW of wind generation, no change in the

spinning reserve criteria is required. Based on the geographic diversity of the wind across the
system, the simultaneous loss of wind throughout the system is not a credible contingency. And
while there may be periods of zero wind in the state they are likely to be preceded by periods of
very little wind, so that there is no need to change the existing 1,200 MW value as the largest

system contingency, as discussed above.

8.5 NYISO Market Design

Current estimates on the day-ahead forecast accuracy for wind are fairly high when viewed across
a projected 3,300 MW of wind capacity spread across the state. The accuracy for individual wind
farms will not be as high and it may be appropriate for multiple wind farms to merge their
forecasts on a zonal or regional basis. The existing day-ahead and hour-ahead energy markets in
New York have sufficient flexibility to accommodate wind generation without any significant
changes. It may also be advantageous for the forecasting to be performed from a central location
to ensure a consistency of methodologies and so that changing weather patterns can be noted
quickly. With these factors in place wind generation can be held accountable to similar standards
as conventional generation in terms of meeting their day-ahead forecast, with one exception;
imbalance penalties should not be imposed on wind generation Wind projects would need to

settle discrepancies between their forecast and actual outputs in the energy balancing market.
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However, because wind is largely non-dispatchable, any additional penalties for imbalance
should be eliminated. The FERC Order 888 allows imbalance penalties to be applied to
generators that operate outside of their schedule. As applied in New York, any “overgeneration”
can be accepted without payment and any “undergeneration” is priced at the greater of 150% of
the spot price or $100/MWh. Strict application of these policies in the MAPS analysis performed
would result in the loss of roughly 90% of the wind generation revenue, which would be
disastrous to their future development. The intent of the penalties is to prevent generators from
“gaming” the market but their application to intermittent resources such as wind and solar would
result in negative and unintended consequences. If a wind generator forecasted 100 MW for a
particular hour but can only produce 80 MW due to a lack of wind then no amount of penalties
can get them to produce the remaining 20 MW. Their only option would be to bid less, or zero,
in the day ahead market and possibly even bid low in the hour ahead market. However, the
MAPS analysis showed that as much as 25% of the value of the wind energy to the system could
be lost if it is not properly accounted in the day ahead commitment process. Any imbalance
penalties for under-generation would tend to encourage underbidding the day ahead forecast, to

the detriment of the entire system.

Care should be taken in the structuring of any financial incentives that may be offered to
encourage the development of wind generation. The market for wind generation (including

incentives) should be structured to:

e reward the accuracy of wind generation forecasts, and

e encourage wind generators to curtail production during periods of light load and
excessive generation.

The second item above is particularly critical to overall system reliability. If excessive wind
generation causes the NYISO to shut down critical base-load generators with long
shutdown/restart cycle times, the system could be placed in a position of reduced reliability. The
market for wind power should be structured so that wind generators have clear financial
incentives to reduce output when energy spot prices are low (or negative). In addition, the
NYISO must have the capability to limit or curtail power from wind generators when necessary
for system reliability reasons. Such curtailment could be done via wind farm operators (similar to
the existing process for re-dispatching a thermal generator via the plant operator) or via SCADA

for the case of unmanned generation facilities.
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One change that should be incorporated immediately is the accurate recording of forecasts and
actual production for all existing and new facilities on at least an hourly and five-minute basis.
Shorter time frames, i.e., six seconds, should also be recorded during volatile periods. The
existence of this data will greatly facilitate the planning and operations of the system when

several thousand megawatts of wind are present.
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